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Abstract

Purpose: The purpose of the paper is to present the warehouse location as one of the key decision
problems in logistics, a critical analysis of the centre of gravity method (commonly known and
widely used) and to propose the more advanced methods to support the decision process in this
area described in the contemporary publications on operational research, such as: AHP (Analytic
Hierarchy Process), Simos’ method and entropy method.

Methodology: The above purpose was realised by analysing the literature both from the logistics
area, especially from one of its areas of activity which is warehousing and from operational research
on the use of methods to support the warehouse location decision-making processes was made.

Findings: The article outlines the warehouse location as one of the key decision problems in the
area of logistics. It presents centre of gravity approach described in the literature of logistics and
shows its advantages and disadvantages. Furthermore, because the warehouse location is multi-
criteria decision problem, the more advanced methods from the area of operational research were
suggested, such as: AHP (Analytic Hierarchy Process), Simos’ method and entropy method.

Implications: The methods proposed in the article allow to take many criteria into consideration in
the warehouse location process and also make it more objective.

Keywords: logistics, optimisation, warehouse location, multicriteria decision-making process

Paper type: Literature review

1. Introduction

Warehousing is undoubtedly one of the main areas of logistics operation in
a company or a group of companies — the supply chain. The need to maintain
inventories is a direct result of the logistics task of providing the resources
required to realize the basic processes in an organization (Chaberek, 2002). In the
production process there is often a relatively significant variation in the supply
of resources that are used. That is the reason that their acquisition in periods of
increased supply — and usually lower prices — allows for a smooth realization of
the production process. The similar situation may also be related to the demand
for specific products and its intensification in certain periods of the year, when
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it would be impossible to maintain production at such a high level, then stocks
could act as a sort of stabilizer, which allows to satisfy the increased demand.
Warehousing has also an unquestionable impact on costs in a supply chain, as it
reduces the frequency of deliveries and, as a consequence, makes advantages of
scale in transport operations possible to gain. Additionally, it allows to receive
a price discount from a supplier for whom such a situation can also be profitable.
Moreover, inventories are undoubtedly important in the marketing of the company,
especially in the area of customer service, as the availability of products and the
short lead time seem to be one of the key competitive advantages of the company
(Kisperska-Moron and Krzyzaniak, 2009).

Hence, the proximity of retail outlets, demand centres, or sources of supply
has been considered as one of the crucial criteria for warehouse location. However,
it should be stated here that this is not the only criterion for their location.

2. Warehouse location as a decision problem

Looking at the warehouse-related issues more widely, it can be seen that they
relate not only to their location, but also to a number of other problems associated
with placement of warehousing process in the processes supporting operations of
a company. Decisions can range from the most general to the more detailed ones.

One of the most strategic decisions about warehouses is the form of their
ownership. On the one hand, owning the warehouse increases the independence
of the business from external companies and gives the possibility of practically
full control over customer service, but on the other hand, it involves the high costs
of the warehouse building and its functioning (Jones, 2006).

An alternative decision in this regard may be logistics outsourcing, which
in this case is implemented through renting storage space from an external
service provider or even, increasingly used in electronic commerce, the so-
called dropshipping, where the store accepts the order and its supplier executes it
(Viswanadham, 2002).

Another, equally important issue regarding warehousing is the appropriate
location of the so called decoupling point in the supply chain, which is defined
as a point in the supply chain where the main stock is maintained and it also
divides the flow of material into the area of independent demand and dependent
one (Mason-Jones and Towill, 2002). This issue also relates to the number of
warehouses in the supply chain and their type. On the one hand, placing the
decoupling point near a manufacturer (upstream of the supply chain) gives the
opportunity to consolidate inventory even in one central warehouse. On the
other hand, moving the decoupling point closer to a customer (downstream of
the supply chain) leads to an increase in the number of warehouses which act as
regional ones (Bozarth and Handfield, 2016). The disadvantage of such a location



of decoupling point is that it increases the cost of maintaining inventory, however,
it also saves the lead time (Tartavulea et al., 2011).

Another, more specific decision related to the functioning of the warehouse is
a selection of its technological system, i.e. the placement of reception and release
zones (through, angular or bagging) and its storage facilities’ technical equipment
(such as racks, hangers, etc.), transport equipment (such as forklifts, cranes,
conveyors, etc.), auxiliary equipment both for handling stored goods (such as
ramps, platforms, pallets, containers, scales etc.) and for maintaining warehouses
(such as thermometers, fire extinguishers, alarms etc.). An essential component
of the warehouse equipment is also the appropriate IT system (WMS) (Kisperska-
Moron and Krzyzaniak, 2009).

Nevertheless, it should be noted here that one of the most significant and
most frequently described decision problems in the literature of the subject is the
optimal warehouse location which is defined according to English Oxford Living
Dictionary as “a particular place or position” (English Oxford Living Dictionary),
which suggests that it is treated as a certain feature of the object, in addition
to its other features such as its surface, height, colour, etc. Nonetheless, when
analysing the application of the term in logistics or spatial management literature
— both English (Ozsen et al., 2008) and Polish (Marczuk, 2005) — location is
also considered as the process of locating an object at a certain point in space.
In such a sense the term location will also be used in this article. The feature of
a facility location decision — here: warehouse location decision — is what causes
far-reaching, long-term and irreversible effects, which in the future will be the
background for subsequent decisions in this regard (Marczuk, 2005). These
factors necessitate to make every effort to achieve the optimal location decision,
i.e. to the maximum possible extent to maximize the benefits for future users of
the new warehouse.

3. Methods of location decision-making process’ support

In view of the above, the problem of optimal warehouse location is relatively
widely reported in the literature of the subject. The most frequently described
method of warehouse location is the so-called centre of gravity approach in
which the coordinates of the warehouse (X, Y) are calculated from the formulas
(1) and (2).
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Table 1. Categories
and corresponding
criteria for
warehouse location

Source: own
elaboration based
on: Kolinska, 2014,
Yang and Lee, 1997;
MacCarthy and
Atthirawong, 2003;
Cheng et al., 2005;
Singh et al., 2018;
Sopha et al., 2018.
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where:

(Xi, Yi)— coordinates of position of i-th supplier,

(X, Y)) — coordinates of position of j-th receiver,

W; — weight for i-th supplier,

W; — weight for j-th receiver (customer).

The weights for suppliers or receivers are understood here as volumes of
resources transported from the suppliers to the warehouse or from the warehouse
to the receivers. In some publications they are also supplemented by the unit cost
of transportation on individual routes for example in $ per tkm.

This method, relatively computationally simple, can be regarded as a useful
tool for the approximated location of a warehouse, serving as a guide for the
decision maker. However, according to the author, taking into account only the size
and cost of transportation processes is insufficient to treat the results obtained as
the only possible location for the logistics facility. On the contrary, the problem of
optimal location is a multi-criteria decision problem and factors related to existing
and potential material flows are just one of the criteria categories that should
be considered. In addition, according to the author, a broad spectrum of criteria
should be considered that can be grouped into categories such as infrastructure,
labour characteristics, legal factors and also environmental considerations, as
shown in Table 1.

Categories Criteria

* proximity to demand, size of market that can be served/potential customer
expenditure, population trends and nature and variance
of demand,

* Jocation and quality of suppliers, alternative suppliers, competition for
suppliers, nature of supply process (reliability of the system) and speed
and responsiveness of suppliers

e availability and quality of raw materials/resources

* responsiveness and delivery time to markets

* proximity to parent company

¢ Jocation of competitors

e trucking, rail and air freight service

e transportation costs

Existing and
potential material
flows
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* availability and costs of land and buildings
e availability of space for future expansion Leszek Reszka
* existence of modes of transportation (airports, railroads, roads and sea
ports, piers)
 quality and reliability of modes of transportation
* telecommunication systems
 quality and reliability of utilities (e.g. water supply, waste treatment, power
supply, etc.)
* availability of labour force
e skill levels, productivity and motivation of labour force
e unemployment rate
* prevailing wage rates
* labour unions, attitudes towards work and labour turnover

Infrastructure

Labour characte-
ristics

* requirements for setting up local corporations
 regulations concerning joint ventures and mergers and regulations on
transfer of earnings out of country rate
Legal factors ¢ taxes, custom duties, tariffs
e law system; bureaucracy
¢ insurance and compensation laws
* environmental regulations and industrial relations laws

* noise and air pollution around the site

e climate

* proximity to support services (e.g., fire, police, medical services and so
on)

* schools, churches, hospitals, recreational opportunities (for staff and chil-
dren), education system, crime rate and standard of living

* financial incentives

* government and political stability

e country’s debt

* interest rates/exchange controls and GDP/GNP growth, income per capita

 currency, inflation

* community attitudes towards business and industry and co-operation with
established local industry

e different norms and customs, culture, language and customer characteri- Table 1.
stics

Environmental
considerations

continued

Taking into consideration the multiplicity and variety of criteria presented
in the table, in the decision making process there should be used a method
which enables to compare the available decision options using these criteria. It
is difficult to imagine a situation in which one of the location variants would
be characterized by the best performance of each criterion. On the contrary, the
criteria are usually concurrent (Anholcer, 2009). As a result of this, the problem
of warehouse location seems to be embedded in the broad spectrum of multi- ]/
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Table 2.

Rating scale of
location variants in
the AHP method

Source: Trzaskalik,
2008; Reszka, 2014;
Ghorbanzadeh et al.,
2019; Zhou et al.,
2018.

Table 3.
Presentation of
possible location
variants

Source: fictious data.

Sn

criteria decision problems in logistics and becomes similar in the methodological
and procedural layer to the problem of supplier’s evaluation and choice. These
similarities may be a prerequisite for searching in the decision-making location
process for methods that are used or recommended in the process of supplier’s
evaluation and choice. One from such methods is undoubtedly developed by Saaty
(1987) the Analytic Hierarchy Process (AHP) in which pairs of available location
variants are being compared pairwise under the considered criteria. During this
comparison the figures corresponding to the descriptive assessment are used in
accordance with Table 2.

Intensity of importance on
an absolute scale

Location variant A with variant B taking into consideration
a given location criterion is:

equal 1

equal to moderately preferred

moderately preferred

moderately to strongly preferred

strongly preferred

strongly to very strongly preferred

very strongly preferred

very strongly to extremely preferred

NoN el LN e N I, I B SN LS I ) \S

extremely preferred

On the basis of the resulting matrices of pairwise comparisons the partial
rankings’ matrix and vector of criteria importance’ ranking are made. The final
step in the AHP procedure is to calculate the final ranking as the product of the
partial rankings’ matrix and vector of criteria importance’ ranking.

To illustrate the application of the AHP method, a simple hypothetical
situation of choosing one of the three potential warehouse locations (location
A, B and C) will be presented. The criteria taken into consideration will be:
proximity to demand, quality of infrastructure, availability of labour force, tax
rate, government and political stability. Information about possible location
variants, with the qualitative description of the considered criteria, can be found
in Table 3.

location A location B location C
proximity to demand high low medium
quality of infrastructure medium bad good
availability of labour force medium high medium
tax rate 15% 20% 10%
government and political stability stable stable not stable




First step in the AHP procedure, as it was mentioned above, is to create the MULTICRITERIA
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Table 5) Leszek Reszka
Table 4.
proximity to quality of infra- availability of govermfu.ent a 'e
tax rate and political Comparison
demand structure labour force o . .
stability matrices for decision
A B C A B C A B C A B C A B C variants
A 1 7 5 1 5 1/5 1 1/5 1 1 5 1/5 1 1 6 Source: own
B 17 1 5 15 1 15 5 1 5 15 1 18 1 1 6 elaboration based
on data from the
cC /5 15 1 5 5 1 115 1 5 8 1 1/6 1/6 1 Table 3.
_— . . R, government
proximity  quality of in- availability of tax rate and political
to demand frastructure labour force o
stability
proximity to de-
1 1/3 1/5 1/3 1/3
mand
quality of infra-
structure 3 ! 3 173 173 Table 5.
P Comparison matrix
3‘;?(}?21@ of labo- 5 1/3 ! 13 1/3 for criteria
tax rate 3 3 3 1 12 Source: own
tand elaboration based
go;f.et:'rm;le? ba.lil. ¢ 3 3 3 2 1 on data from the
political stability Table 3.
Based on the matrices the so called the partial rankings’ matrices are created
(both for location variants — Table 6 and for criteria — Table 7).

Table 6. Partial
proximity to quality of infra- availability of tax rate government and rankings’ of loca.\tion
demand structure labour force political stability variants

A 0.33 0.45 0.27 0.23 0.35 Source: own
B 0.27 0.29 0.37 0.31 0.33 elaboration based
. : : : : on data from the

C 0.40 0.25 0.36 0.46 0.31 Table 3.
proximity to demand 0.07 Table 7. Rankings of
quality of infrastructure 0.17 criteria importance
availability of labour force 0.14 Source: own
tax rate 027 elaboration based
— — on data from the

government and political stability 0.36 Table 3.

=9



a visualization and intuitive understanding of the decision problem solving.
According to the method, participants in the study arrange the location criteria
from the least to the most important one using the first type of cards, which
include names of criteria and, optionally, other additional information about them.
Such a set of cards for the example presented above is shown in the Figure 1.

PROXIMITY TO DEMAND

AVAILABILITY
OF LABOUR FORCE

TAX RATE

Figure 1.
Visualization

of significance
hierarchy of location
evaluation criteria

QUALITY
OF INFRASTRUCTURE

Source: own
elaboration based
on data from the

GOVERNMENT AND
POLITICAL STABILITY

Table 3.
The cards of second type, i.e. empty cards, are used to differentiate the distance
between the importance of the criteria (Figure 2 for the descripted example).
PROXIMITY TO DEMAND
2u
Qu Ansey h € VAW ABILITY
OF INFRASTRUCTURE I OF LABOUR FORCE Figure 2.

the importance of
individual criteria
for location variants
evaluation

Determining the
L J distance between

& N
TAX RATE

Source: own

GOVERNMENT AND elaboration based
POLITICAL STABILITY on data from the
7 Table 3.

The results of this study are presented in a tabular form using the constant “u”
as the unit to measure the differentiation of the criteria’s importance. Further, the
so called average (non — normalized) weights are determined, which in last step
are subjected to a normalization process which results in relative (normalized)
weights. The calculations are presented in table 8. (Gérecka, 2009; Figueira and
Roy, 2002; Kobryn, 2014; Reszka, 2017; Asihoglu and Memluk, 2017). |1
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Table 8.
Determination

of weights to the
criteria according to
the Simos’ procedure

Source: own
elaboration based
on data from the
Table 3.

Table 9. Quantitative
assessments of
possible location
variants

Source: own
elaboration based
on data from the
Table 3.

Position Quanity Numbers Non-nor- Norma-

inthe  Set of cards malized lized Total
of cards of cards . .
rank weights weights
1 proximity to demand 1 1 1 0.04 0.04
2 blank 1 2 X X X
quality of infrastructure, B
3 availability of labour force 2 34 (3+4)/2=3.5 0.15 0.30
4 blank 1 5 X X X
blank 1 6 X X X
6 tax rate 1 7 7 0.30 0.30
7 govc?rpment and political 1 3 3 035 035
stability
Sum X 8 X X X 1.00

After the weights determination procedure, the overall assessments for
individual location variants can be calculated as sum of the products of the
weights and the quantitative assessments of the criteria (Table 9).

Location A Location B Location C
proximity to demand 5 1 3
quality of infrastructure 3 1 4
availability of labour force 3 5 3
tax rate 3 1 5
government and political stability 4 4 2

In this way, the location A would be selected (getting overall assessment equal
to 3.43). The next place would be taken by location C, with a slightly lower score
(3.41). Location B, similarly to the AHP procedure, would be the worst (2.65).

A different approach to assigning weights to individual location criteria
characterizes the next proposed in this article the entropy method, which is
also called the objective weights method (Deng et al., 2000). In this method the
importance of each criterion is determined by the degree of discrepancy among
their assessments in particular location variants.

After identification which of the criteria are stimulant (where a higher
assessment is related to a higher value of a feature) and which are destimulants
(where there is an opposite situation) the decision matrix is created (M).

5 3 3 3 4
M=11 1 5 1 4
3 4 3 5 2



It is then subjected to a normalization process so that the sums of its individual
columns corresponding to the sum of the criteria assessments (in the case of the
stimulant) or respectively the sum of the reciprocal of the assessments (in the case
of the destimulants) give the result equal to one.

056 038 027 033 040
N= (011 013 045 0.11 040
033 050 3027 056 0.20

The decision information contained within the normalized matrix obtained (N)
is measured for each criterion by the entropy Ej calculated from the formula (3).

Ej = —KZﬁl Tli’j In ni,j (3)

where:

K = 1/In m — a constant guaranteeing that ,

n;j— elements of the normalized decision matrix.

The entropy vector, calculated according the formula (3), for the descripted
example is:

E=[058 0.61 0.66 0.58 0.66].

Subsequently, the degree of discrepancy among the location criteria
assessments in particular location variants is calculated as the complement of the
elements of the entropy vector obtained to one:

D=[042 039 0.34 042 0.34].

Since the sum of elements of the resulting vector does not equal one they are
also subjected to a normalization process, which is the last step of the described
procedure (Kobryn, 2014, p. 47-50):

W=1[0.22 021 0.18 0.22 0.18].

Similarly to the Simos’ method, after the weights determination procedure,
the overall assessments for individual location variants can be calculated as sum
of the products of the weights and the quantitative assessments of the criteria (see
Table 9). Again the location A would be selected (getting overall assessment equal
to 0.392). The next place would be taken also by location C, with a slightly lower
score (0.382). Location B, similarly to the AHP and Simos’ procedure, would be
the worst (0.227).

4. Conclusions

The methods presented in this article which might be used to assist location
decision-making process may support it in a significant manner. The warehouse
location is an example of a multi-criteria decision problem in logistics and
because of that an assignment of weights seems to be an essential step to maximal
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objectification of this process. That is in the author’s opinion, possible by using
the wide range of methods available in the literature of operational research. Thus
the decisions made are optimal taking into consideration not only existing and
potential material flows but also a number of other more or less important criteria.
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